Introduction
Sugar beet (the raw material of the beet sugar factory) composition is important to both the sugar 3 6
beet farmer and the factory. Sugar (sucrose) and non-sugar (non-sucrose) content determine the 3 7
quality of the sugar beet where, high sugar and low non-sugar content is desirable. So it is important 3 8
to evaluate the chemical quality of sugar beet roots in order to evaluate their quality for sugar 3 9
production. Root yield and technical quality of sugar beet are strongly influenced by weather 4 0
conditions. The technical quality of sugar beet is essential for economical sugar manufacturing 4 1 (Asadi, 2006) . The wide majority of beets are grown by independent farmers, who are contracted by 4 2 the factories directly. The industrial demand for sugar beets is increasing, which provides a higher 4 3
price, incentivizing many farmers to plant more beets. FAS (Foreign Agricultural services) Cairo is 4 4
increasing sugar beet area harvested in MY 2019/20 to 250,000 ha. Post is revising down last year's 4 5
harvested area to 225,000 hectares instead of 230,000. With the decreased area harvested, post also 4 6
revised down MY 2018/19 production to 9.5 MMT, six percent below earlier estimates. Macro-4 7 nutrients fertilization is among the vital factors affecting growth, quality and productivity of sugar 4 8 beet, thus application the suitable rates of nitrogen, phosphorus and potassium one of the favorable 4 9
factors for increasing sugar beet productivity and quality. The proper fertilization reference can be 5 0
given only based on the soil fertility. It must be determining optimum nitrogen rate, which produce 5 1 the maximum root, sugar yields and quality parameters (Seadh, 2012) . Data statistically analyzed by the analysis of variance (ANOVA) was carried out to determine the 1 3 1 statistical significance using the least significant difference at level at 0.05 (Gomez and Gomez,  1  3  2  1984).  1  3  3  1  3  4 3. Results and discussion 1 3 5 1 3 6
The aim of this study to reduce the consumption of mineral fertilizers through using plant growth 1 3 7
regulators (gibberellin or proline) at the same time evaluate possibility replace the gibberellin by 1 3 8 proline which showed its harmful effect on animal and human cells according to ) 1 3 9
who stated that the present study clearly demonstrated that PGRs including gibberellin and cytokinin 1 4 0 may cause acute toxicity and teratogenic effect in both neonate and embryo cells. The obtained data in Table 2 revealed that the foliar application of plant growth regulators 1 4 5
(gibberellin and proline) increased the pigment content i.e. chlorophyll-a; chlorophyll-b and 1 4 6
carotenoids where the mean values at rate 100 mg l -1 gibberellin and 200 mg l -1 proline were 6.15 and 1 4 7 5.44 g100 g -1 FW for chlorophyll-a, 3.39 and 2.99 g100 g -1 FW for chlorophyll-b, 0.916 and 0.887 1 4 8 g100 g -1 FW, respectively. Exogenous application of gibberellins (GAs) has shown enhanced 1 4 9
activities of carbonic anhydrase, nitrate reductase (Afroz, S., Mohammad, F., Hayat, S., Siddiqui, 1 5 0 2005), CO 2 fixation, stomatal conductance (Bishnoi and Krishnamoorthy, 1991) and ribulose-1,5-1 5 1 biphosphate carboxylase/oxygenase (Yuan and Xu, 2001) . GAs alters membrane permeability to ions 1 5 2 (Gilroy, S. and Jones, 1992) and improves translocation potential to the sink (Peretó and Beltrán, 1 5 3 1987). The physiological and biochemical modes of action of GA 3 is likely responsible for increasing 1 5 4
shoot dry biomass plants. Generally, lower concentrations of plant growth regulators are 1 5 5
biochemically more active with higher concentrations becoming toxic (Kulkarni et al., 2013) . Proline, 1 5 6 a multifunctional amino acid, besides acting as an excellent osmolyte is also known for stabilizing 1 5 7 subcellular structures such as proteins and cell membranes, scavenging free radicals, balancing 1 5 8 cellular homeostasis and signaling events and buffering redox potential under stress conditions (Hayat 1 5 9 et al., 2012). It could be reflecting on maintaining the nutrient status in roots. 1 6 0 1 6 1 This report is in conformity with the increased nitrate content of roots by exogenous application of 1 6 7
proline (Alyemeni et al., 2016) . exogenous application of proline mitigated the decreased plant 1 6 8
growth caused by stress is through increasing antioxidant system, relieving oxidative damage, 1 6 9
improving the synthesis of compatible solutes, and accelerating proline accumulation, which reflected 1 7 0 on enhancing photosynthesis (Anjum et al., 2011) . Also, the chlorophyll molecules are the membrane 1 7 1 bound structures whose stability depends highly on the integrity of the membrane structure which is 1 7 2 possibly maintained by proline as it acts as a membrane stabilizer (Ashraf, M. and Foolad, 2007) .
Regard to boron sources, data showed that foliar application of nano boron on sugar beet plants 1 7 4 was more respond than boric acid where the chlorophyll-a, chlorophyll-b and carotenoids contents 1 7 5
were 3.13, 1.58 and 0.695 g100 g -1 FW for nano boron and 3.06, 1.40 and 0.662 g100 g -1 FW for boric 1 7 6
acid, respectively. This result was in agreement with (Hassan et al., 2013) who reported that 1 7 7 application of boron increase net photosynthetic rate which may be attributed to the increase in 1 7 8 chlorophylls content of leaves. Furthermore, application of boron increased the activity of catalase 1 7 9
and glutathione reductase, which act as antioxidants thus saving the electron transport mechanism of 1 8 0 plant from getting oxidized by free radicals like superoxide radicals, singlet oxygen radicals (Wojcik , 2008) . Also, (Davarpanah et al., 2016) indicated that the foliar application of nano-B fertilizers 1 8 2
in plant increased the leaf concentrations of both microelements, reflecting the improvements in 1 8 3 nutrient status. 1 8 4
In general, it could be noted that the interaction between foliar application of plant growth 1 8 5
regulators accompanied with boron sources used give more respond than plant growth regulators or 1 8 6
boron sources sole and the more effective treatment were 100 mg l -1 gibberellin and 200 mg l -1 proline 1 8 7
with nano boron without any significant differences. 1 8 8 1 8 9
3
.2. Residual content of applied plant growth regulators and boron sources used in sugar beet roots
Data showed in Table 3 that the foliar application of plant growth regulators (Gibberellin or 1 9 2
Proline) at two rates 100 and 200 mg kg -1 on sugar beet roots residual content increased by application 1 9 3 of gibberellin. The obtained data was in agreement with (Kim et al., 2008) who reported that GA 3 1 9 4
applications significantly increased endogenous GA 3 content in the plants. On contrast, proline 1 9 5 application did not affect the residual content of gibberellin when applied at both rate compared to 1 9 6 control treatment. According to (Osman, 2015) exogenous application of proline might be not only 1 9 7
accelerated the translocation process of amino acids from source to sink, but also suppressed the 1 9 8
conversion process from amino acids to proteins. 1 9 9
Also, data showed that the residual content of proline and boron increased by application rates of 2 0 0 gibberellin, this may be due to that the gibberellic acid may stimulated plant on building protein and 2 0 1 the optimum transform of nutrients although the unavailability of moisture in the plant to a certain 2 0 2 level (Al-Shaheen and Soh, 2016). Regard to the application of proline at 100 and 200 mg kg -1 proline 2 0 3 and boron content were increased by increasing proline concentration. According to (Kahlaoui et al., 2 0 4 2014) the exogenous application of proline leads to a significant increase in the proline accumulation 2 0 5 of both organs (leaves and roots) in plant. 2 0 6
Further study showed that amino acids such as proline have a chelating effect on micronutrients 2 0 7 when applied together; the absorption and transportation of micronutrients inside the plant is easier, 2 0 8 this effect is due to the chelating action, the effect of cell membrane permeability and low molecular 2 0 9
weight (Westwood, 1993 stated that compared to the conventional boric acid or Borax fertilizers, all of which are on the macro 2 1 5 scale (on the order of micrometers) (macro boric acid"), the boron nanofertilizers of embodiments 2 1 6 herein (on the order of nanometers) shows a sharp increase in crop yield (increased biomass, potato 2 1 7 tuber yield, and plant weight) and crop quality (less reducing sugar and increased starch content). 2 1 8 2 1 9 Finally, the interaction analysis for 75% NPK from the recommended dose accompanied with 2 2 4 foliar application of gibberellin at rate 100 mg l -1 and nano boron (NPs) was the most effective 2 2 5 treatment than the same interaction with boric acid. 2 2 6 2 2 7 2 2 8 3.3. Sugar extraction and quality parameters 2 2 9 2 3 0 Data obtained in (Table 4 ) revealed that the foliar application of plant growth regulator as a 2 3 1 gibberellin at rate 100 mg l -1 give the highest values for sucrose, purity and total soluble solids 2 3 2
whereby increase the rate of gibberellin at rate of 200 mg l -1 the was observed that decreased in all 2 3 3 pervious parameters. In contrast, the results showed that the foliar application of proline gave higher 2 3 4 response at 200 mg l -1 than 100 mg l -1 as application rates where, proline, a multifunctional amino 2 3 5 acid, besides acting as an excellent osmolyte is also known for stabilizing subcellular structures such 2 3 6
as proteins and cell membranes, scavenging free radicals, balancing cellular homeostasis and 2 3 7 signaling events and buffering redox potential under stress conditions (Hayat et al., 2012) .
Also, (Asil et al., 2011) respectively. These results were in agreement with (Naderi et al., 2011) who dedicated that 2 4 7 application of nanofertilizers instead of common fertilizers, where nutrients are provided to plants 2 4 8 gradually and in a controlled manner. Meanwhile, the nanotechnology increases the application 2 4 9 efficiency of fertilizers, decreases pollution and risks of chemical fertilization. 2 5 0 2 5 1 Finally, the interaction analysis for 75% NPK from the recommended dose accompanied with 2 5 6 foliar application of gibberellin at rate 100 mg l -1 and proline at rate 200 mg l -1 with nano boron was 2 5 7
the most effective treatment than the same interaction with boric acid. The represented data in Table 5 showed that the foliar application of gibberellin at 100 mg l -1 was 2 6 2 the most effective treatment followed by proline at 200 mg l -1 as in betaine content 0.172 and 0.171 g 2 6 3
100 g -1 , choline content 8.40 and 7.93 mg 100g -1 FW and total carbohydrate content 14.8 and 14.3 g 2 6 4
100g -1 ). These results in harmony with (El-Sherbeny and Da Silva, 2013) who reported that proline 2 6 5
proved to be successful agents in improving growth and yield characters of beet plants, especially at 2 6 6 100 mg·L -1 and 200 mg·L -1 also, GA 3 increases the chlorophyll concentrations in leaves by increasing 2 6 7 the numbers and sizes of chloroplasts and enhances the ultra-structural morphogenesis of plastids 2 6 8 (Richard N. A., 1996) . In general, photosynthetic efficiency increases along with the chlorophyll 2 6 9
concentration. Thus, exogenous GA 3 indirectly causes the increase in chlorophyll (Ashraf et al., 2002) 
that resulted in the accumulation of more dry mass (Khan, 1996) . High concentration of endogenous 2 7 1 GA 3 by increasing the gibberellin concentration treatment (Wang et al., 2015) . In addition, GA 3 2 7 2 caused the increase in the endogenous Indole acetic acid contents (Reid and Davies, 1992) . The 2 7 3
previous studies have illustrated that the exogenous application of proline mitigated the decreased 2 7 4 plant growth caused by stress is through increasing antioxidant system, relieving oxidative damage, 2 7 5
improving the synthesis of compatible solutes, and accelerating proline accumulation, which reflected 2 7 6 on enhancing photosynthesis (Szabados and Savouré, 2010) ; (Anjum et al., 2011) . Also, Sun 2 7 7
Physiologically, a major function of GAs in higher plants can be generalized as stimulating organ 2 7 8
growth through enhancement of cell elongation and, in some cases, cell division. In addition, GAs 2 7 9
promotes certain developmental switches, such as between seed dormancy and germination, juvenile 2 8 0 and adult growth phases, and vegetative and reproductive development. Table 5 showed the foliar application of nano boron give higher results for betaine, choline and 2 8 7 total carbohydrate than boric acid foliar application this may due to (Nilanjan, 2013) who stated that, 2 8 8 one benefit of the boron nanofertilizer described in embodiments may be extremely low cost and high 2 8 9 efficiency. Some embodiments described herein provide a highly effective means of nano-fertilization 2 9 0 by administration of boric acid nanoparticles to plants. Nano scale boric acid released from the 2 9 1 surface of metal nanoparticles of embodiments herein can be a highly efficient boron fertilizer. Other 2 9 2 benefits of the boron coated metal nanoparticles described herein include increased boron content in 2 9 3 plants resulting in increased chlorophyll content, number of leaves, total biomass, total yield, and 2 9 4 lowered soluble and reducing sugars. 2 9 5
Finally, the interaction between the foliar application of gibberellin at 100 mg l -1 and proline at 200 2 9 6 mg l -1 with nano boron with 75% of recommended dose give the highest response for most parameter 2 9 7
under study of sugar beet plant these results was in agreement with (Seadh and El-Metwally, 2015) 2 9 8 who reported that adding of plant growth regulators with addition mineral fertilizers with 80% of 2 9 9
recommended dose in order to maintain high productivity and quality of plant at the same time reduce 3 0 0 production costs and environmental pollution under the environmental condition in Egypt. 3 0 1 3 0 2 4. Conclusion 3 0 3
From previously data obtained could be concluded that the using of plant growth regulators as a 3 0 4 proline or gibberellin reduced the consumption of mineral fertilizers and possibility of replacing the 3 0 5 gibberellin by proline. 3 0 6
The application of nanotechnology in agriculture as using nano boron (B-NPs) increased the 3 0 7 application efficiency, decreased pollution and risk of fertilizers used and increased plant quality. 3 0 8
